###### Strengths and limitations of this study

-   A population-based study investigating short-, medium- and long-term outcomes of children undergoing selective dorsal rhizotomy (SDR) in Australia and overseas.

-   Data collection of outcome measures across all the domains of the International Classification of Functioning, Disability and Health.

-   Data collection of perioperative and long-term adverse events to allow monitoring of ongoing safety and efficacy.

-   Study protocol includes retrospective and prospective data. Limitation as a result of missing data, particularly for children going overseas for SDR surgery, may occur.

-   The Australian population base and this study design does not enable the inclusion of a control group for comparison.

Introduction {#s1}
============

Cerebral palsy (CP) is an umbrella term to describe a group of permanent disorders affecting the development of movement and posture and causing activity limitations, which is due to nonprogressive damage to the developing brain in utero, during birth or in the first years of life.[@R1] CP is the most common cause of physical disability in children worldwide. The incidence of CP in Australia and Europe has remained stable in recent years at 1.5--2.5/1000 live births.[@R2]

Spasticity is the predominant motor type in CP (85.8%).[@R4] \"Spasticity is defined as hypertonia in which one or both of the following signs are present: (1) resistance to externally imposed movement increases with increasing speed of stretch and varies with the direction of joint movement and/or (2) resistance to externally imposed movement rises rapidly above a threshold speed or joint angle\".[@R5] Management of CP often involves interventions that reduce spasticity including oral medications, injectable botulinum toxin A, neurosurgery and orthopaedic surgery.[@R6] Interventions should be chosen with consideration of 'negative features' of CP including muscle weakness, loss of dexterity and selective motor control, fatigue and dyspraxia which often occur in conjunction with spasticity.[@R7] Treatment goals are often also dependent on other factors including comorbidities, age of the child, cooperation of the child, access to rehabilitation services and expectations of the parents/carers.

Selective dorsal rhizotomy (SDR) is a neurosurgical intervention performed to reduce spasticity in the lower limbs.[@R8] This is achieved through the transection of a proportion of the dorsal (sensory) nerve rootlets in the lumbar spine, thus interrupting the afferent input of the monosynaptic stretch reflex. SDR results in a permanent reduction in spasticity and the effects are irreversible. SDR has been most commonly used as an adjunctive procedure (ie, supplementing other therapies and interventions) for children with spastic diplegia who walk unaided or using a walking device.

SDR has a long history dating back to 1908.[@R9] The surgery was associated with frequent surgical complications and became a less favourable intervention option until Fasano introduced partial sectioning of the dorsal nerve rootlets on the basis of intraoperative electrophysiological stimulation in 1978. This resulted in better outcomes and increased interest in the use of the procedure for children with CP in the 1980s. Studies from this time suggested SDR to be of most benefit for young children with spastic diplegic CP, without dyskinesia or ataxia, without significant cognitive disability and with emerging/established walking capacity or ambulation ([table 1](#T1){ref-type="table"}).[@R10] There is moderate evidence that SDR is effective in reducing spasticity, with low to very low evidence of its effectiveness in improving gait, function and participation.[@R11] In view of this, SDR remains controversial as much remains unknown about the procedure, particularly with respect to selection criteria and long-term outcomes.

###### 

Preference for patient selection criteria for SDR

  Indications for SDR                                                                                                                                               Contraindications for SDR
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------
  Spastic CP, affecting predominantly the lower limbsGMFCS level II or IIICapacity to engage in intense rehabilitation programmeNo previous orthopaedic surgeries   Presence of severe contracturesIncreased weakness in antigravity musclesMarked presence of other movement disorders (ataxia, dystonia, choreoathetosis)

CP, cerebral palsy; GMFCS, Gross Motor Function Classification Scale; SDR, selective dorsal rhizotomy.

Evidence for SDR in children {#s1a}
----------------------------

Selection criteria for SDR vary between centres and have not been generally validated, as illustrated in a recent systematic review.[@R12] The general selection criteria defined by Peacock in 1987[@R10] still apply but more recent studies have examined SDR being performed in children with severe spasticity in Gross Motor Functional Classification System (GMFCS) levels IV and V, as a cost-effective intervention for the goals of improved care and comfort.[@R13]

Studies conducted in assessing the effectiveness of SDR in children with CP have been mostly of evidence levels III and IV.[@R16] Published studies have described outcomes for groups that differ in selection, surgical technique and postoperative rehabilitation. Follow-up periods range from 6 months[@R17] up to 26 years.[@R18] Outcome measures in published studies have primarily drawn from the International Classification of Functioning, Disability and Health (ICF) domains of body structure and functions [@R20] (modified Ashworth Scale, range of motion, gait parameters, pain) and activities [@R22] (Gross Motor Function Measure, GMFM). The participation domain, quality of life and personal factors have seldom been reported on other than in nonstandardised surveys and/or interviews,[@R26] with the exception of Langerak who used the Life-Habit questionnaire to measure activity and participation.[@R18]

There is also a need to better understand potential risks and complications related to SDR. Adverse events (AEs) have been reported in the literature as short- and long-term complications. Short-term complications reported postoperatively have included spasms, hypotonia, urinary incontinence, headache, wound healing and hyperaesthesia.[@R31] A systematic review of studies documenting long-term AEs post-SDR suggested the presence of spinal abnormalities and/or back pain to be the most commonly reported AEs.[@R35] It is unclear to what extent SDR contributes to the spinal abnormalities described as no comparison was made to matched controls in any of the studies.[@R36]

SDR in Australia {#s1b}
----------------

Current SDR surgery programmes began in Australia in 2003. Neurosurgeons at the Children's Hospital at Westmead (CHW) Sydney, the Royal Children's Hospital (RCH) Melbourne and Lady Cilento Children's Hospital (LCCH; formerly RCH) Brisbane were trained by a visiting neurosurgeon affiliated with Gillette Children's Specialty Healthcare and The Shriners Hospitals for Children, Minnesota. Protocols pertaining to surgical procedure (intraoperative monitoring and anaesthetic protocol) and postoperative rehabilitation were adopted from those developed at these facilities. Selection criteria were informed by those provided by Peacock *et al* as benefiting most by the intervention ([table 1](#T1){ref-type="table"}).[@R10] Currently, most children selected for SDR are between 4 and 8 years.

In 2012, a multidisciplinary working party was formed to address the need for standardised evaluations at key times for children undergoing SDR in Australia, to ensure that data pooling in the future would be possible. This dataset resulted in an agreed schedule of assessments (minimum dataset) for long-term follow-up post-SDR. This was further refined with the establishment of the Australian SDR (SDR-AUS) Research Registry committee in 2014 consisting of medical, surgical and allied health (physiotherapists) clinicians from all of the tertiary paediatric hospitals involved in SDR management in Australia. The main purpose of the committee was to establish an agreed national SDR assessment protocol and AEs registry. This registry is to include details of the surgery and surgical complications as well as long-term AEs and outcome measures related to functional mobility and activity, goal attainment and quality of life. The protocol for outcome measures is based on the best available evidence of assessment tools that capture all domains of the ICF. As the numbers of children undergoing SDR in Australia is small, the benefits in having a multicentre study to pool data were recognised. A set of research questions were identified by the Registry committee.

Data collected in the registry will be used to answer the following research questions:What are the characteristics of Australian children with CP who have undergone SDR?How do gait, gross motor function and mobility change 12 months, 2 years, 5 years and 10 years following SDR.How does GMFCS level affect changes in gait, gross motor function and mobility change 12 months, 2 years, 5 years and 10 years following SDR.How do changes in gait, gross motor function and mobility 12 months, 2 years, 5 years and 10 years following SDR differ between children who have had the procedure performed in Australia compared with overseas.What are the functional goal-directed outcomes of children who undergo SDR (in Australia) and how effective is SDR for goal attainment at 1 and 2 years after procedure.How does GMFCS level at time of surgery impact on goal setting before surgery and on goal attainment at 1 and 2 years post-SDR.How do changes in goal attainment compare with changes in gross mobility.What (types and frequency of) spasticity management and orthopaedic interventions are required in 10 years following SDR?How does GMFCS level affect (types and frequency of) spasticity management and orthopaedic interventions required in 10 years following SDR?How do children who have undergone SDR in Australia compare with those who have had the procedure overseas with respect to (types and frequency of) spasticity management and orthopaedic interventions required in 10 years following SDR?How common and what type and severity of surgical complications occur following SDR surgery?How does GMFCS level affect the frequency, type and severity of surgical complications occur following SDR surgery?What is the prevalence of long-term AE at 12 months, 2 years, 5 years and 10 years following SDR?How does GMFCS level affect the prevalence of long-term AE at 12 months, 2 years, 5 years and 10 years following SDR.How does site of surgery (Australia vs overseas) affect the prevalence of (the above long-term AE) at 12 months, 2 years, 5 years and 10 years following SDR?What is the experience of pain of children at baseline, 1 year, 2 years, 5 years and 10 years following SDR?How does GMFCS affect the experience of pain of children at baseline, 1 year, 2 years, 5 years and 10 years following SDR?How does site of surgery (Australia vs overseas) affect experience of pain of children at baseline, 1 year, 2 years, 5 years and 10 years following SDR?What is the quality of life for children (proxy report) at 2 years, 5 years and 10 years following SDR?How does GMFCS affect the quality of life for children (proxy report) at 2 years, 5 years and 10 years following SDR?How does site of surgery (Australia vs overseas) affect the quality of life for children (self or proxy report) at 2 years, 5 years and 10 years following SDR?

Methods and analysis {#s2}
====================

This study is a national registry of multidimensional outcomes for Australian children undergoing SDR surgery. Children will be recruited across multiple tertiary paediatric centres in Australia. Data collected will be from clinical assessments performed by experienced clinicians at these centres prior to and following SDR and will include diagnostic and classification data, clinical assessment, results of several standardised tools and the results of radiological investigations ordered as part of children's routine care. Data collected will be entered by study investigators into a purpose-designed research database.

Study population and recruitment {#s2a}
--------------------------------

Study participants will be recruited from (a) children who have previously undergone SDR in an Australian or overseas centre and (b) children who are scheduled to undergo SDR in an Australian or overseas centre. Families will be approached about the study at the time of a clinic review prior to or in follow-up from SDR. A brief verbal introduction to the study will be given (by a clinician and/or study investigator) and followed up with an information sheet and consent form. Families will be asked to consider participation and, if willing, to pass the signed consent form to the research team, either at the time of discussion or at any point during the hospital admission for SDR. Families who do not wish to participate will be asked to inform the researcher so as not to be asked again. Families will be assured that nonparticipation will not make any difference to their child's clinical care. The described dataset are all current standard of care for children undergoing SDR in Australia.

The hospitals currently participating in the SDR-AUS registry study include The CHW, Sydney, New South Wales; The Princess Margaret Hospital for Children, Perth, Western Australia; The RCH, Melbourne, Victoria; LCCH, Brisbane, Queensland and The Women's and Children's Hospital Adelaide, South Australia.

Recruitment will be retrospective and prospective as detailed in [figures 1 and 2](#F1 F2){ref-type="fig"}.

![Retrospective recruitment of children who have undergone SDR prior to the commencement of study. SDR, selective dorsal rhizotomy.](bmjopen-2018-025093f01){#F1}

![Prospective recruitment of children undergoing SDR following commencement of study. SDR, selective dorsal rhizotomy.](bmjopen-2018-025093f02){#F2}

Outcome measures {#s2b}
----------------

Data will be collected during three periods of time ([table 2](#T2){ref-type="table"}):

###### 

Timing of data collection for SDR-AUS registry study

  Assessment domains/study phase                    Baseline   Sx   Follow-up           
  ------------------------------------------------- ---------- ---- ----------- --- --- ---
  Personal and medical history                      X                                   
  CP assessment                                     X               X           X   X   X
  Physical assessment                               X               X                   
  Surgery and admission details                                X                        
  Surgical complications                                       X                        
  Assessment of gross motor function and mobility   X               X           X   X   X
  Instrumented gait analysis                        X               X           X   X   X
  Goal attainment                                   X               X           X       
  Musculoskeletal interventions                     X               X           X   X   X
  Long-term adverse events                                          X           X   X   X
  Assessment of pain                                X               X           X   X   X

CP, cerebral palsy; SDR-AUS, Australian selective dorsal rhizotomy; Sx, surgical.

-   At the time of selection and baseline

-   At the time of SDR and postoperatively

-   During rehabilitation and long-term follow-up to 10 years for complete dataset collection prior to transitioning to adult services.

The selection of outcome measures and standardised assessment tools have been chosen to reflect the domains of the ICF and developed for the CP and/or paediatric population ([table 3](#T3){ref-type="table"}). The Data Collection Assessment Manual outlining the dataset is uploaded onto the REDCap database and describes each assessment, when and how it is administered and recorded in the database. This will enable consistency in collection of outcomes, allow for comparison of studies in the literature and further enhance literature of SDR in the paediatric population.

###### 

The primary and secondary outcome measures

  -------------------------------------------------- ------------------------------------------------------------------
  **Gross motor function and mobility**\             Gross motor function measure-66
  (activity)                                         

  Functional Mobility Scale                          

  Gillette Functional Assessment Questionnaire       

  Six min walk test                                  

  Timed up-and-go                                    

  **Gait** (body structure and functions)            Gait Profile Score and Gait Variable Scores from 3DGA (barefoot)

  **Goal attainment** (activity and participation)   Canadian Occupational Performance Measure

  **Musculoskeletal interventions**\                 Botulinum toxin A injections
  (body structure and functions)                     

  Musculoskeletal surgeries                          

  **Pain** (body structure and functions)            Faces Pain Scale-Revised

   Checklist of pain location                        

   PROMIS Paediatric Pain Interference Scale         

  **Quality of life** (personal factors)             Cerebral Palsy Quality of Life Questionnaires
  -------------------------------------------------- ------------------------------------------------------------------

3DGA: three-dimensional gait analysis.

Participant background and demographic data {#s2c}
-------------------------------------------

### Data to be collected include {#s2c1}

*Personal and medical details*: gender, date of birth, state/territory of residence, postcode, diagnosis, gestation at birth and results of neuroimaging (MRI of the brain and spine, as available).

*CP assessment:* predominant movement disorder (spasticity/dystonia/ mixed/other), indication of the presence of dystonia using the Hypertonia Assessment Tool, topography (hemiplegia/diplegia/ quadriplegia) and classification of the sample according to gross motor function (GMFCS), function of the upper extremities (Manual Abilities Classification System) and communication with familiar and unfamiliar partners (Communication Function Classification System).

Details of the intervention and immediate postoperative period {#s2d}
--------------------------------------------------------------

### Data to be collected include {#s2d1}

*Surgery and admission*: date of surgery, site of surgery (CHW/RCH/Overseas/Other), surgical approach (multilevel laminectomy/multilevel laminoplasty/conus approach laminotomy), presence of electrophysiological guidance, total rootlets transected (laterality).

*Surgical complications*: type of surgical/postoperative complication during the inpatient period and classification according to Clavien-Dindo classification.[@R40]

Long-term AEs {#s2e}
-------------

### Data to be collected include the following {#s2e1}

*Presence of skeletal deformity*: This includes spinal deformity (presence and degree of lordosis, scoliosis, kyphosis, spondylolisthesis and spondylosis), hip subluxation (Reimers' migration percentage) and foot deformity (pes cavovarus, pes planovalgus).

Presence of lower limb sensory impairment.

Presence of bladder and bowel disturbances.

Data entry {#s2f}
----------

Data collected at each hospital site are deidentified and entered into the SDR-AUS Research registry's REDCap database. The database automatically distinguishes between retrospective and prospective patients according to the surgery date in relation to ethics approval date. For retrospective participants, data will be sorted from the medical records and entered accordingly. For prospective applicants, data will be collected and entered at baseline, at the time of surgery and immediate postoperative period and at 1, 2, 5 and 10 years post-SDR. Long-term AE data will be collected up to the date of termination from the study.

Patient and public involvement {#s2g}
------------------------------

Patients and public were not involved in the design of this protocol. There is public interest in this intervention; hence, the aim is to investigate the experience of SDR for Australian children and provide knowledge translation to patients and the public.

Statistical analysis including sample size calculations {#s2h}
-------------------------------------------------------

It is anticipated that 10 children each year undergo SDR surgery in Australia with a larger proportion of children going overseas. The initial statistical analysis for gross motor outcome research will be undertaken when a sample size of 14 is achieved. This is based on a previous study where GMFM-66 scores increased from 69 (SD 8.9) to 76.2 (SD 8.5) in children classified as GMFCS I or II 1 year following SDR.[@R26] This was determined using a paired t-test with a power of 0.8 and an alpha of 0.05.

Descriptive data will be described using means and SD, medians and ranges, or frequencies and proportions depending on the type and distribution of the data.

The primary research question (gross motor function) will focus on the results from the GMFM-66. Changes in gross motor function over time will first be assessed using the raw scores. When two time points are available, a paired t-test will be used. When three or more time points exist, then a mixed model approach will be used to account for the correlation between the time points. Given the likely small sample test or model, assumptions may be violated. Transformation of the data or nonparametric methods will then be utilised.

The GMFM-66 allows for comparison with reference curves over time allowing for the longitudinal assessment of the data.[@R41] Each child's GMFM-66 score will be referenced against the average development pattern for children in his or her GMFCS level. After assigning centiles, a change in function between two percentile measurements will be determined using an 80% coverage probability. For children functioning at GMFCS I, a second percentile measurement has an 80% chance of being ±20 of the first measurement. For GMFCS level II, the cut-off is ±19.9. At each time point, children will be classified as declined, increased or stable in their gross motor function based on these cut-offs. This technique has been described previously in the literature.[@R41] The frequency and proportion of children in each group will be examined over time and compared with expected outcomes from the CP population.

Surgeries performed overseas and in Australia will be analysed separately to minimise sampling bias. Differences in outcomes between procedure location (overseas vs Australia) will be compared using independent t-tests, Mann-Whitney U test or Χ^2^ test, depending on the type and distribution of the data.

The relationship between spasticity reduction and proportion of rootlets transected will be examined using scatter plots. Correlation (using Spearman's correlation coefficient) and simple linear regression will be used to further examine this relationship.

The remaining outcome measures (instrumented gait analysis, quality of life, Canadian Occupational Performance Measure and pain) will be analysed using paired t-tests when two time points exist. When three or more time points exist, then a mixed model approach will be used. Any missing data will be reported on as frequency and percentage. Given the likely small sample model, assumptions may be violated. Transformation of the data or nonparametric methods will then be employed.

All data will be analysed using Stata V.14.1 (StataCorp, College Station, TX, USA). Alpha will be set at 0.05.

Discussion {#s3}
==========

This protocol paper presents the background and study design for a national registry of multidimensional outcomes for Australian children undergoing SDR surgery. It will be the first Australian study to report on outcomes and AEs after SDR surgery. Limitations of this study are the risk of sampling bias and the lack of a control group. While the aim is for total population sampling, it is acknowledged that there is risk of sampling bias due to surgery location and potential missing data. Likewise, the value of a control group is recognised. However, there are challenges in identifying a suitable control group of adequate size for comparison due to the following: differences in children offered SDR versus those not offered SDR and very few children who are felt to be good candidates for SDR decline the surgery. The strengths of this study are in the selection of standardised outcome measures chosen which have been developed for the CP and/or paediatric population and capture the domains of the ICF, and the use of a purpose built database for documentation. Both allow for consistency in collection of data and potential for future collaboration with international sites.

Ethical considerations and dissemination {#s4}
========================================

All participating Australian sites obtained individual ethics and governance approval from the Human Research Ethics committees and their respective Research Governance Units: HREC/16/SCHN/383 (NSW, SA, VIC, QLD); PRN: RGS0000000323 (WA).

All eligible participants and their families/carers are provided with a parent information sheet outlining the study and signed consent is obtained at the time of entering the study. Participant confidentiality and privacy will be strictly held in trust by all study personnel.

Results of this study will be published in relevant peer-reviewed journals and presented at relevant national and international workshops and conferences.
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